Introduction
Cellulose acetate is a polymer that can be easily molded into different forms such as membranes, fibers, and spheres. To conjugate the mechanical properties of the cellulose acetate with the intrinsic properties of an inorganic compound, hybrid organic/inorganic materials have been prepared.
is required for incorporation in a matrix, the use of cellulose acetate is desirable. The reason is that cellulose acetate, in comparison to pure cellulose, is easily dissolved in organic solvents and the metal oxide can be entrapped in the matrix in the phase inversion process step of the preparation. 20 This work reports the preparation of a cellulose acetate/ Al 2 O 3 , Cella/Al 2 O 3 , hybrid material and its further reaction with (RO) 3 Si(CH 2 ) 3 L to obtain Cella/Al 2 O 3 /Si(CH 2 ) 3 L (L= -NH 2 , -NH(CH 2 ) 2 NH 2 , -NH(CH 2 ) 2 NH(CH 2 ) 2 NH 2 and imidazole group). The materials obtained were characterized by scanning electron microscopy, nuclear magnetic resonance (CPMAS 13 C and MAS 27 Al NMR) and thermal analyses. Retention capacities of the attached basic organic groups for Fe(III), Cu(II) and Zn(II) from ethanol solutions were determined.
Experimental

Preparation of cellulose acetate/Al 2 O 3 (Cella/Al 2 O 3 )
A viscous syrup containing 10 g of cellulose acetate dissolved in a mixture of glacial acetic acid (53 mL) and acetone (37 mL) was prepared. About 15 g of aluminum isopropoxide (Aldrich), dissolved in a small amount of trifluoroacetic acid, was added to the syrup (100 g) and the mixture was stirred to homogenize the phase. The resulting syrup was slowly poured into a flask containing about 1000 mL of doubly distilled water, under rapid stirring. The fibers were collected by filtration, washed with water and dried under vacuum at room temperature.
Attachment of organofunctional groups on Cella/Al 2 O 3
About 5 g of Cella/Al 2 O 3 was immersed in 100 mL of dry toluene, 10 mL of (RO) 3 Si(CH 2 ) 3 L (Aldrich) (L= -NH 2 , -NH(CH 2 ) 2 NH 2 , -[NH(CH 2 ) 2 ] 2 NH 2 was added and the mixture was stirred for 8h under an argon atmosphere. The mixture was filtered, washed with ethanol and water and then dried under vacuum (10 -3 Torr) at room temperature. To prepare the material with the imidazole attached group, the procedure was as follows: 9.2 mL of (MeO) 3 Si(CH 2 ) 3 Cl (50 mmol; Aldrich) was dissolved in 50 mL of dry toluene and 3.4 g (53 mmol) of imidazole was added and the mixture was refluxed for 3 h under argon. The solvent was removed by distillation under vacuum and the resulting oil, containing essentially 3(N-imidazolyl) propyltrimethoxysilane was redissolved in 100 mL of toluene. About 5 g of Cella/Al 2 O 3 was added and the mixture, was stirred for 12 h at room temperature. The mixture was filtered, washed with pure ethanol, water, and dried under vacuum at room temperature.
Characterization of the hybrid materials
The amount of aluminum in Cella/Al 2 O 3 was determined by calcinating 0.3 g of the sample at 1173 K, for 2 h, and the residue was weighed as Al 2 O 3 .
The amount of nitrogen in Cella/Al 2 O 3 /Si(CH 2 ) 3 L was determined, for each sample, by the Kjeldhal method.
The SEM images were obtained for samples dispersed on a double faced conducting tape adhered on an aluminum support. The samples were coated with graphite by the low voltage sputtering deposition technique using a Plasma Science Model LVC 76 apparatus. The measurements were made with a JSM T-300 microscope connected to a secondary electron detector and X-ray energy dispersive spectrometer (EDS) from Northern.
The solid state 13 C and 27 Al NMR spectra were obtained on a Bruker AC 300P spectrometer at room temperature. 13 C CPMAS NMR spectra were obtained using pulse sequences with 1 ms contact time, an interval between pulses of 2s and an acquisition time of 156 ms. The chemical shift was calibrated against standard TMS.
27 Al MAS NMR spectra were obtained using pulse sequences with an interval between pulses of 1s and acquisition time of 49 ms. The 
Metal retention experiments
A column with 10 mm length and 5 mm internal diameter was filled with about 1 g of the material and connected on line with a peristaltic pump. Individual ethanol solutions containing of FeCl 3 = 5.7, CuCl 2 = 6.5 and ZnCl 2 = 6.5 mg L -1 were passed through the column with a flow rate of 0.65 mL min -1 . The column was washed with pure ethanol and 
Results and Discussion
Characteristics of the material Figure 1 shows the SEM and the corresponding EDS images for Cella/Al 2 O 3 . In Figure 1a , no particle agglomerate can be observed on the fiber surface and in the EDS image (Figure 1b) , the white dots are due to the aluminum atoms and correspond to emission lines with an energy of 1.475 keV. 21 The SEM image shows that, within the magnification used to obtain the images, a uniform dispersion of the particles with no visible agglomerates on the matrix was achieved. 27 Al MAS NMR spectra, illustrated in Figure 2 2002 is assigned to the aluminum ion in an octahedral environment (Al O ) while the peak at δ 62 is assigned to aluminum in a tetrahedral environment (Al T ). 22, 23 By reacting with the organofunctional group, the intensities of the peaks changed, i.e. Al T became more intense. The reason is that the alkoxy groups of the coupling reagent (RO) 3 Si(CH 2 ) 3 L react with the OH groups of the hydrated aluminum ions, which are in an octahedral environment, changing the coordination from 6-fold (Al O ) to 4-fold (Al T ).
Organofunctionalization of Cella/Al 2 O 3
24-28 Figure 3 shows the 13 C NMR spectra of Cella/Al 2 O 3 and 1-4. 29 and the organofunctional groups, 30 no significant changes are observed for the cellulose acetate 13 C NMR, indicating that the aluminum oxide and the organic groups attached on the matrix surface interact weakly with the cellulose acetate groups.
Thermal stability
Thermogravimetric curves for Cella, Cella/Al 2 O 3 and 1-4 are presented in Figure 4 . The temperatures at which the hybrids 1-4 start to degrade, about 250 o C, compared with that of the Cella and Cella/Al 2 O 3 are practically unaffected.
Isotherms of adsorption
In order to verify the usefulness of the material for metal ion adsorption from ethanol solutions, the adsorption isotherms of selected metals, Fe 3+ , Cu 2+ and Zn 2+ were studied. Figures 5, 6 and 7 show the isotherms of adsorption for these three metals from ethanol solutions by Cella/ Al 2 O 3 /Si(CH 2 ) 3 L.
The immobilized species on the solid surface are all neutral ligands and, thus, MCl z diffuse from the solution phase into the solid surface as neutral species. The metal ions bind to the nitrogen atoms and the anions can be in the inner coordination sphere, bonded to the metal ion or remain in the outer sphere, balancing the charge. In any case, the equilibrium of complex formation with the electrically neutral grafted ligands can formally be expressed as:
The solid adsorption capacity for the metal halide by Cella/Al 2 O 3 /Si(CH 2 ) 3 L will depend on the nature of the complex formed on the surface and also on the affinity for the metal for the particular attached ligand. 2002 was determined. Since this coefficient is not constant at higher metal concentration in the solution phase, it was determined in the region where N f against C showed a linear correlation, i.e., in the low metal concentration region. [31] [32] [33] [34] [35] [36] Table 4 lists the values of D determined according to this procedure. We observe that for 2 and 3, the coefficients are slightly higher in comparison with 1 and 4. The main reason is that 2 and 3 are bidentate and tridentate ligands, respectively, and 1 and 4, monodentate. Table 6 lists the results obtained from the experiments carried out by passing a mixture of the three metals through the column packed with the material. In this case, retention and further elution with acidified water was carried out with the same efficiency as observed for the individual metal. 
Retention of the metal ions
Conclusions
Al 2 O 3 can be dispersed on a cellulose acetate fiber using a procedure wherein the oxide is immobilized by entrapment in the fiber upon a phase inversion step of the preparation. EDS metal mapping showed, within the magnification used, that aluminum oxide particles were uniformly dispersed in the cellulose acetate matrix.
Pure cellulose acetate fibers cannot be easily functionalized with the normally available alkoxysilanes. However, if the surface is coated by a film of Al 2 O 3 , which strongly adheres to the surface, the modified substrate becomes very convenient for further modification with (RO) 3 Si(CH 2 ) 3 L coupling reagents. The organofunctional groups efficiently coat the Cella/Al 2 O 3 surface by the formation of a Al-O-Si bond. Since this bond is very stable, in a normal operation with the material in aqueous acid solutions or in non aqueous solvents, the organic groups are not released to the solution phase, due to the breaking of this bond. Therefore, Cella/Al 2 O 3 /Si(CH 2 ) 3 L could be used, without any significant loss of adsorption capacity, after various adsoprtion and desorption operations. An additional advantage in the present case is the high functionalization degree exhibited by the material and consequently the large adsorption capacity, resulting from the new preparation procedure used in this work.
